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Prescribing	
  RRT	
  in	
  critically	
  ill	
  patients:
Theory	
  and	
  Method
– Intermittent*

– Continuous
• CVVHF	
  /	
  HDF
• PD

Dose
Timing
Anticoagulation

The	
  trials	
  we	
  have	
  tend	
  to	
  merge	
  
these	
  questions	
  making	
  the	
  
answers	
  much	
  harder	
  to	
  find
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+	
  when	
  to	
  stop!
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  Ill	
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CRRT	
  – Dose,	
  Timing	
  and	
  Withdrawal

• Dose
–What	
  is	
  dose?
– ‘A	
  bit’	
  v	
  ‘Some’	
  v	
  ‘Loads’

• Timing
– Early	
  v	
  Late

• Withdrawal
–Will	
  the	
  renal	
  function	
  recover?
– Palliative	
  care



CRRT	
  ‘DOSE’	
  – WHAT	
  DOES	
  THAT	
  
MEAN?



RRT and ‘Dose’
‘DOSE’ of  continuous and intermittent RRT

• 1995 – In ICU, mortality is inversely correlated to 
the dialysis dose1

• 1996 – More ultrafiltration is better2

• 1997 – Kt/V >1.0 per session improves mortality3

• 1999 – Early and more* CVVHF improved mortality4

• 1999 – Intermittent high volume CVVHF reduces 
mortality in critically ill patients5

1Leblonc  KI  suppl 1995
2Brocklehurst  Anaesthesia 1996
3Sigler  Adv  Ren  Replace  Ther  1997

* (measured  in  
a  strange  way)

4Gettings  ICM 1999
5Oudemans  ICM 1999
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RRT and ‘Dose’

• ‘Dose’ in IHD
200  mL.min-­1

4  hrs  =  240  min

70kg  x  0.6  =  42

1.14
Kt/V

n clearance	
  of	
  urea	
  (K)
n Time	
  (t)
n Volume	
  of	
  body	
  water	
  (V)



RRT and ‘Dose’

• ‘Dose’ in IHD

16  mL.min-­1(1)

24  hrs  =  1440  min

70kg  x  0.6  =  42

1Manns  AJKD 1998

0.55
Kt/V

• ‘Dose’	
  in	
  CVVHF
n clearance	
  of	
  urea	
  (K)
n Time	
  (t)
n Volume	
  of	
  body	
  water	
  (V)
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RRT and Increasing ‘Dose’

• Increasing ‘Dose’ in HD
– clearance of  urea (K)
– Time (t)
– Volume of  body water (V)

Increase  pump  speed
Improve  dialyzer  efficiency

Increase  time
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Comprehensive	
  Clinical	
  Nephrology	
  eds.	
  Johnson	
  &	
  Feehally 2003
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RRT and Increasing ‘Dose’

• Increasing ‘Dose’ in HD
– clearance of  urea (K)
– Time (t)
– Volume of  body water (V)

• Increasing ‘Dose’ in CVVHDF
– clearance of  urea (K)
– Time (t)
– Volume of  body water (V)

1Brocklehurst  Anaesthseia 1996
2Clarke  KI 1998
3Manns  AJKD 1998

Increase  pump  speed
Improve  dialyzer  efficiency

Increase  time

Increase  ultra-­filtrate  production  (1)
Add  dialysis  to  filtration (2) 26mL.min-­1 (3)

Kt/V  =  0.89



Forni L and Hilton P. N Engl J Med 1997;336:1303-1309

CVVHDF CVVHF



Forni L and Hilton P. N Engl J Med 1997;336:1303-1309

CVVHDF CVVHF

pre - dilution



• Pre-dilution will improve filtration fraction 
but reduce efficiency of  dialysis
– Net effect to improve small molecule removal

• Pre-dilution helps to reduce filter clotting

• If  you need to do pre-dilution you may have 
to do CVVHF for technical reasons

• Some citrate mechanisms for HF / HDF are 
dependent on pre-dilution

Pre-dilution



A Simple way to Calculate Dose 
(urea clearance) in CVVHF / HDF

• The solute flux (i.e. how much you can clear) across the 
membrane is proportional to the ultra-filtration rate (Qf) but 
also dependant on the sieving coefficient (S)

• Sieving coefficient (S); is the ratio between the concentration 
of  the solute in the ultra-filtrate and in plasma water. 

• Solutes that freely cross membrane (Urea) S is equal or 
close to 1 

• Urea Clearance  = Qf



As ultra-filtration rate corresponds to urea clearance in CVVHF, it 
can be used as a surrogate of  treatment dose

•Exchange rate = dose
e.g. in a 70 kg patient

30 mL.kg-1 per hour ≈ 2 L exchange per hour

In CVVHDF, A combination of  replacement fluid* and dialysate 
flow results in ‘effluent rate’ a surrogate of  treatment dose

•Effluent rate = dose
e.g. 15 mL.kg-1 per hour exchange + 15 mL.kg-1 per 

hour dialysate flow = 30 mL.kg-1 per hour of  ‘dose’

A Simple way to Calculate Dose (urea 
clearance) in CVVHF / HDF



Forni L and Hilton P. N Engl J Med 1997;336:1303-1309

CVVHDF CVVHF

30mL/kg/hr

15mL/kg/hr

15mL/kg/hr

30mL/kg/hr

30mL/kg/hr



Forni L and Hilton P. N Engl J Med 1997;336:1303-1309

CVVHDF CVVHF

15mL/kg/hr

15mL/kg/hr

30mL/kg/hr

pre - dilution

30mL/kg/hr

15mL/kg/hr

15mL/kg/hr



CRRT	
  ‘DOSE’	
  – THE	
  EVIDENCE



Dose Day 15 
Survival

Median 
Survival 

P-value

45mL/k
g

58% 46 days 0.0013

35mL/k
g

57% 33 days 0.0007

20mL/k
g

41% 19 days



42mL

22  v  36mL



90  day  survival
59%  v  34%
p=0.0005

90  day  
survival
59%  v  34%
p=0.0005



Method
Pilot study in haemodynamically unstable patients
39 patients at 35mL/kg/hr in each arm

Conclusions
CVVHF may be slightly better in terms of  reduced vasopressor requirement over CVVHDF
A large study looking at mortality is feasible



On  average:

HV  =  48ml.kg  per  hr-­1

LV  =  19mL.kg  per  hr-­1



NS



Methods Tolwani

29pre	
  dilution
1:1	
  ratio



Results Tolwani

17mL/kg/hr
29mL/kg/hr



The	
  Randomized	
  Evaluation	
  of	
  Normal	
  versus	
  Augmented	
  Level	
  (RENAL)	
  
Replacement	
  Therapy	
  Study	
  is	
  a	
  collaboration	
  of	
  the	
  Australian	
  and	
  New	
  Zealand	
  
Intensive	
  Care	
  Society	
  Clinical	
  Trials	
  Group	
  and	
  the	
  George	
  Institute	
  for	
  
International	
  Health.	
  



NEJM 361(17) 2009

40mL/kg/hr 25mL/kg/hr
CVVHDF
1:1	
  ratio

post	
  dilution



Both	
  groups	
  received	
  less	
  treatment	
  
than	
  prescribed

33	
  mL.kg-­‐1 v	
  22	
  mL.kg-­‐1

High	
  intensity	
  group	
  required	
  more	
  
heparin	
  and	
  more	
  filters	
  per	
  day	
  
(0.93	
  vs.	
  0.84,	
  p<0.001)

Hypophospataemia
H	
  65.1%	
  v	
  L	
  54%	
  p<0.001





Our	
  prescription	
  so	
  far

• Adding dialysis to CVVHF may improve 
outcome in AKI

• CVVHDF at 25(30)mL/kg/hr
– D to F ratio of  1:1
– An increased exchange rate / effluent rate 

probably does not improve mortality in AKI



CRRT	
  – CAN	
  A	
  HIGHER	
  DOSE	
  EVER	
  
BE	
  BETTER?



Sepsis?







CVVHF
AKI  in  Sepsis  and  Septic  Shock

35mL/kg/h  v  70mL/kg/hr



NO DIFFERENCE in 28 day mortality or early improvements in 
haemodynamic profile or organ function between 70mL/kg v 35 mL/kg



Liver	
  Disease?



Pancreatitis?



CRRT	
  – WHEN	
  TO	
  START?













CRRT	
  – WHEN	
  TO	
  START

• Acidosis
• Hyperkalaemia
• Pulmonary	
  oedema
+
• Uraemia (>60?)
• Toxin	
  removal	
  /	
  Poisoning	
  
+
• FLUID	
  OVERLOAD

Especially	
  if	
  anuric
/	
  oliguric



2 RCT
13 retrospective cohort studies
3 meta analysis / systemic reviews



When clinically indicated!
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When clinically indicated!

2 RCT
13 retrospective cohort studies
3 meta analysis / systemic reviews



Novel	
  idea?

• 1-­‐1.5mg/kg	
  of	
  furosemide	
  to	
  patients	
  with	
  
early	
  AKI

• <200mLs	
  in	
  first	
  2	
  hours
• ROC	
  87%	
  sensitive	
  and	
  84%	
  specific	
  for	
  
developing	
  AKI	
  III

• Could	
  this	
  help	
  us	
  to	
  decide	
  when	
  to	
  start	
  
RRT?



CRRT	
  – WHEN	
  TO	
  STOP?



CRRT	
  – When	
  to	
  Stop

• Filter	
  holidays
• ‘natural’	
  urine	
  output	
  >	
  450mLs	
  in	
  a	
  day
– Not	
  improved	
  by	
  furosemide



CRRT	
  	
  -­‐ When	
  to	
  Stop

• Decision	
  to	
  withdrawal	
  critical	
  care
• Decision	
  not	
  to	
  provide	
  out	
  patient	
  RRT
–Discuss	
  with	
  a	
  nephrologist
– Can	
  this	
  patient	
  realistically	
  sustain	
  outpatient	
  RRT
• E.g.	
  30yo	
  PVS	
  following	
  HTN	
  ICH	
  presenting	
  with	
  CKD	
  5

– Oncology	
  use	
  ‘performance	
  status’	
  ?relevant	
  for	
  RRT

• No	
  long	
  term	
  access



Summary

• 25mL/kg/hr
• CVVHDF
• Start	
  when	
  you	
  need	
  to
– Fluid	
  overload	
  is	
  a	
  GOOD	
  reason	
  to	
  start	
  
(especially	
  in	
  critical	
  illness	
  associated	
  AKI)

• Critically	
  ill	
  patients	
  are	
  likely	
  to	
  	
  remain	
  
independent	
  of	
  RRT	
  when	
  u/o	
  >450mLs/day
–Without	
  furosemide

• Nephrology	
  should	
  be	
  consulted	
  about	
  issues	
  
over	
  long	
  term	
  provision	
  of	
  RRT


